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Abstract 
The study investigates the modeling process for simulating the land use changes in a port city, Dalian, China. Using remote 
sensing data, an integrated approach coupling with logistic regression, Markov Chain, and cellular automata is designed. 
Aimed at port city, both natural and socio-economic determinants involved, especially port related factors are imported to 
strengthen pertinence and particularity in research. Three different spatial growth scenarios are simulated based upon various 
land-use expectations. The results verify the reliability of the proposed approach and illustrate different simulation outcomes. 
This research can provide scenario-based decision-making support to port city to achieve land-use sustainable development.  
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Chinese Overseas Transportation Association (COTA). 
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1. Introduction 
1.1. Background 
Coastal ports generally play significant roles strategically on society and economy in port cities. Along with 
the trend of port booming, remarkable land use changes have occurred. Approaches to forecast and simulate the 
future spatial patterns are thus meaningful and instructive for urban and transportation planning (Ko and Chang 
2012). Due to the expansion and function upgrading of the costal zones, land use changes have become 
significant in these areas. Several studies have focused on the drivers of land use evolution (Pellegram, 2001; 
Portman et al., 2011; Wang and Ducruet, 2012). However, in practice, researches on port city development have 
not systematically analyzed regional urban spatial patterns by making connection between land use changes and 
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port development. The integrated approach will help us to obtain deeper knowledge on how land use dynamics 
have driven urban land use changes in thus port city. 
Various researches have been carried out in spatial land use changes (Krausmann et al., 2003; Munroe and 
Müller, 2007; Siciliano, 2012; Wang et al., 2012; Stellmes et al., 2013). In recent few years, cellular automata 
(CA) have become one of the most popular modeling tools for urban growth simulation. Many studies have been 
proposed for modeling urban spatial changes using CA (Barredo et al., 2003, Leão et al., 2004; Stevens et al., 
2007, Vliet et al., 2009; Feng et al., 2011). Researchers have already been fully experienced to simulate how to 
use CA under such circumstances. In addition, many efforts have been made to modify standard CA to make it 
much more suitable for urban spatial pattern simulation (Ligtenberg et al., 2001; Ligtenberg et al., 2004; Tian et 
al., 2011; Zhao and Peng, 2012). CA model is integrated with Markov chain (MC) to control its iteration time as 
well (Jokar et al. , 2012; Sang et al., 2011; Wang et al., 2012). Most of these studies focused too much on natural 
factors but did not give enough consideration on socio-economic determinants involved in the land use change 
process, for instance, the effect of key industry developing, which promoting the spatial evolution dynamically.  
This paper focuses on simulation of the interaction between port industry development and land use changes 
in Dalian new urban as a case study. The first part of this paper proposes the approach for modeling the land use 
changes in this study area. In the second part, the results of simulation for the study area are reported and 
discussed. The aim of this study is to predict and compare different future land use patterns in the context of port 
industry development for land use planning and transportation planning. 
1.2. Study area 
The study area is new urban of Dalian, a typical port city in Chi northeast (Fig. 1). It is located between 
- -  
 
Fig. 1.Study area 
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The topography is based from central region to the southeast of the Yellow Sea and the northwest of The
Bohai Sea for a tilt. Most lands are hilly areas, with only a few plains in coastal terrains and river valleys. Thus,
the land use of Dalian new urban is extremely restricted by mountains and seas with limited available spatial
resources. 
Dalian new urban is newly developed in nearly three decades. Administratively, it includes Jinzhou new
district, Puwan new district and the bonded zone. Relying on port of Dayaowan, various types of port industries
are highly accumulated in this area. Due to the high-speed port development, Dalian new urban makes most of
the contribution to Dalian economic growth. In 2011, regional GDP achieved 2.9 million dollars. According to
official statistics, the current recorded population is approximately 0.5 million, which for only 18% of total
population of Dalian whole city. It represents the characteristics of newly urbanized areas clearly.
2. Methods
This section discusses the utilized approach in the research, which integrates Logistic regression (LR), MC
and CA models. A research flowchart is given is Fig. 2. Firstly, Landsat images of 2000 and 2010 were processed
to obtain the land use maps of these years by spatial classification. Secondly, the key determinants of land use
changes in the port city were proposed and then achieved by LR (Section 3.1). In the third step, the probability 
surface of future spatial change resulting from LR was used to predict change quantity by using MC model
(Section 3.2). Fourthly, considering MC model cannot deal with geospatial issues, a CA model was integrated 
with the aforementioned models to implement the expected research objective (Section 3.3). Among these
models, MC enables the approach to assign the predicted spatial change quantity to the spatial pattern by bridging
amount and space simulations with the CA model. To validate the results, the land use condition of 2010 was
estimated and compared with actual land use map. At last, the implemented model was utilized to get three future
spatial change scenarios of 2020 with three different simulation assumptions. The assumptions were put forward 
based on varying intensions by dissimilar stakeholders.
Fig. 2. Integration of LR, MC and CA models
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2.1. Logistic regression model 
Regression is a statistical analysis method to reveal the quantitative empirical relationships between a binary 
dependent and a series of independent variables, including both categorical and continuous data.  
Spatial sampling allows the research to get a smaller sample size to implement the model. Systematic 
sampling and stratified random sampling are two of the most commonly applied methods for logistics regression 
model. Systematic sampling selects elements from an ordered sampling frame, it more likely leads to reduce the 
spatial representativeness and dependency while the population is not logically homogenous. Whereas stratified 
random sampling chooses samples from the population for investigation after the process of stratification, which 
divides elements of the population into homogenous classes, thus it enables to represent population with improve 
representativeness but not affect spatial dependency at all. Therefore, random sampling method was chosen and 
used to accomplish the regression. 
There is an essential assumption contained in LR model, which is the probability of a dependent variable 
would follows a logistic curve while taking the value of 1. Based on this assumption, the probability value can be 
calculated with the formula bellowed: 
P(y =1 X)=
exp( BX )
1+exp( BX )
                                                                                                                   (1) 
Where P is the probability of dependent variable, X is the independent variables, and B is the estimated 
parameters. 
Logit transformation is applied with the following formula: 
  ′P = ln( P
1− p)                                                                                                                                            (2) 
The standard multivariate logistic regression model is: 
ln( P
1− p)=b0 +b1x1 +b2x2 + +bkxk +ε                                                                                                (3) 
2.2. Markov chain model 
A MC is a discrete stochastic process. The chain consists of stochastic variables. The most important 
property of MC is ineffectiveness or memorylessness, which means the next state is only dependent on current 
state instead of that of the past moment. At present, MC mathematic model are usually applied in forecasting in 
natural science, engineering techniques and public utilities.  
Due to the feature of Markov model, while the land use policy is stabilized, the model could be utilized to 
control the total quantity within the land use change CA model. The main purpose to perform the Markov process 
is to analyze the land use change probability and to obtain the trend implied within the land use change in study 
area by the probability transition matrix. 
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Where Xt+1 Xt is the land use states on t+1 and t moments, Mij is the land use state transition probability matrix 
in different moments; pij is the probability of the ith state to the jth state. 
2.3. Cellular automata model 
CA is widely used in spatial simulation for its nature of discreteness in both space and time. The possible 
states of each cell in the grid are finite. Large amount of this kind of cells interact with each other into a 
composite of dynamic system. The interactions within CA models are only local. Based upon such local 
interactions, the state of each particular cell can be simply determined by the states of itself and its surrounding 
cells at a pervious moment according to a series of designed transition rules. Unlike general dynamic models, CA 
is composed by the transition rules rather than strictly defined physical formulas or functions. Whereas these 
 
CA consists of Cell (C), State (S), Time (T), Neighborhood (N) and Transition rules (f) as below 
S(t+1) = f (S(t),N)                                                                                                                                     (6) 
CA could simulate system global complexity effectively through local calculation, including periodical 
phenomena and turbulent phenomena, natural appearance and natural laws. CA is discrete on time, spatial and 
state and each variable could only have finite state options with local features on state transition rules on time and 
space. Because of strong tempo-spatial evolution prediction ability, it is normally applied to spatial simulation, 
such as city sprawl, land use change forecasting.  
3. Results 
3.1. Land use change mapping 
For spatial-temporal land use maps of the study area, a set of Landsat TM images of 2000-2010 was used to 
extract spatial change results by spatial classification. Five land use categories were achieved, including built-up, 
ecological land, water body, unutilized land and other land. The accuracy of the classification was ensured by 
conducting cross-tabulation assessment and the accuracy was 0.87. Related natural and socio-economic data were 
synchronized with the images of 2000 and 2010.  
Spatial change for the period of 2000-2010 was analyzed for change amount quantification and change 
places allocation. As shown in spatial classification result, the most significant conversion happened to built-up 
fields. Over 200 Km2 have been turned into built-up areas. Most of these areas were once ecological land and 
unutilized land. Mass change nearby the center of districts and the port can be observed through descriptive 
analysis. This kind of change was also found distributed along the traffic arterials, mainly highways. 
3.2. Logistic regression specification 
The land use maps of 2000 and 2010 were utilized to specify the change map of built-up areas for the period 
of 2000-2010 by the function of overlay analysis. In order to be compatible and synchronized, all of the input 
data were resampled to 30 m resolution. Within the LR implementation, the spatial form of the changed cells 
(i.e., invert into built-up area) is defined as the dependent variable. This dependent variable is a binary raster, 
where a value of 1 means a change to built-up area on those particular pixels but 0 presents no change happened.  
According to the features of the study area, a series of possible dependent variables was chosen. It was based 
on the assumption that some natural and socio-economic variables would play roles in shaping the spatial 
patterns of the study area. For instance, it is supposed urban development happens close to the district centers and 
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near the port to following the principle of proximity. Therefore, the end is to figure out whether the influence of 
each independent variable is significant, and if it is, whether positive or negative.  
Table 1. Effective independent variables of the LR model 
Independent variables Coefficient Stand error (SE) Wald 2 Significant level (Sig.) 
DEM     0.021 0.041 14.231 0.006 
Slope 0.128 0.078 20.712 0.003 
Distance to the port 0.063 0.011 55.787 0.001 
Distance to port industry clusters 0.121 0.023 26.764 0.000 
Distance to district centers 0.017 0.014 51.540 0.003 
Distance to highways 0.107 0.025 17.923 0.005 
Distance to railways     0.088 0.009 36.210 0.000 
Population density 0.006 0.022 7.039 0.005 
Per capita GDP 0.012 0.037 90.15 0.003 
 
Effective independent variables were achieved by the designed LR model. According to significance test, 
invalid variables were removed and the left are testified to be effective in the process of land use changes. The 
coefficients and related statistics of these variables are shown in Table.1. Hosmer-Lemeshow (HL) is usually 
used as an evaluation index of goodness-of-fit test. In this model, the statistic of HL was 7.411, p value was 0.493 
(p > 0.05), illustrating a good fit for the regression, and the LR was supposed to be comparatively ideal. The 
ROC (Receiver Operator Characteristic curve) test was also applied to reflect the accuracy of this model. ROC 
was 0.784, thus the obtained regression model was relatively accurate. Therefore, the LR model was passed the 
tests and the variables can be utilized in following analysis and simulation as input parameters.  
Wald 2 is a represent of relative weight for each independent variable and is used to evaluate the 
contribution to explanation. Referred to the descending order of Wald 2, per capita GDP, distance to the port and 
district centers are most important explanatory factors for land use changes in Dalian new urban. Besides, a 
negative value of coefficient in spatial LR model means the higher probability of built-up changed into while the 
lower value of that variable, and vice versa. It then can be understood as the conditions in land use maps that a 
large amount of built-up areas are centralized nearly the existing district centers and the highly developed port, 
especially located in places with better economic growth. The rest variables have certain impacts on land use 
evolution as well but cannot exceed the aforementioned three. The LR result analysis as above is valuable for the 
CA simulation that those effective variables are necessary to build up the suitability maps of land use change. 
3.3. Future land use quantification 
The MC model was applied to quantify spatial changes with two land use maps in the year of 2000 and 2010 
as input and a transition probability matrix as well as a matrix of transition areas as output.  
The MC model cannot solve spatial questions directly due to its features. Thus, it is considered not an 
appropriate method to estimate land use changes by locating the changes in spatial framework. That is the reason 
why need to integrate LR and CA models with MC to specialize the estimated land use quantity. With the 
complementary effects by integration, the outcomes can be allocated spatially. Hereinto, the probability of 
changing each land use category to others was determined by the MC model based on the Markov transition 
probability matrix for the period of 2000-2010. As shown in Table.2, the built-up field keeps constant at 84.15% 
probability.  
To validate the integrated approach, the probability map of spatial change for the year of 2010 was used to 
allocate the achieved change quantity by using the proposed CA model. It was intended to attain the simulation 
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results of land use of 2010 and then compare it against the actual land use map of 2010. Through comparison 
(actual map to simulated map), the kappa index was calculated to be 0.79, which explain the reliability of the 
simulation. Therefore, the simulation process was verified and approved. Consequently, the integrated approach 
can be implemented for future spatial changes. 
Table 2. Markov transition probabilities matrix for the period of 2000-2010  
  Built-up land Ecological land  Water body  Unutilized land  Other land 
2000-2010 Built-up land 
Ecological land 
Water body 
Unutilized land 
Other land 
0.8415 
0.1263 
0.0001 
0.1782 
0.1396 
0.0175 
0.8073 
0.0028 
0.0002 
0.0001 
0.0001 
0.0003 
0.8530 
0.0001 
0.0004 
0.0202 
0.0340 
0.0128 
0.0192 
0.1207 
0.1207 
0.0321 
0.1313 
0.8023 
0.7392 
Table 3. Markov transition area matrix for the period of 2010-2020 in Km2 
  Built-up land Ecological land  Water body  Unutilized land  Other land 
2000-2010 Built-up land 
Ecological land 
Water body 
Unutilized land 
Other land 
374.363 
36.981 
14.15 
11.81 
21.995 
0.278 
1309.758 
0.722 
0.448 
0.046 
1.739 
0.135 
42.01 
0.080 
0.550 
12.388 
13.322 
0.639 
83.76 
4.546 
54.621 
8.020 
7.369 
28.162 
150.03 
 
3.4. Scenario simulation implementation 
According to the analysis derived from the LR implementation, it is known that the process of land use 
changes in Dalian new urban is especially complex, influenced by the natural and socio-economic factors of 
multiple scales. Therefore, the future land use patterns might encounter uncertainty and variability as the 
conditions change. In following ten years, as planning, Dalian new urban will build several new ports and 
reconstruct existing wharfs to expand the beneficial effect of port industry accumulation. It is estimated the 
economy of this area could be over half of that for the whole city.  Consequently, the proportion of population 
will surge, higher level of port industry will develop, and regional prosperity will be promoted. Easily, the future 
land use might be affected by these aforementioned trends to a large degree for more and more space demand. 
Thus, large challenges are put on eco-environment and bio-diversity in this region. Because of the facts above, 
the study designed and proposed three simulation assumptions from different perspectives. The aim is to achieve 
different land use change scenarios, which can reveal and contrast the effects of dissimilar land use policies. The 
assumptions of each simulation scenario are listed as bellow: 
Scenario 1 (Natural development): it is assumed the future land use changes in Dalian new urban will follow 
the present trends of urban spatial transitions. The change rate will be kept up with the same urban development 
intensity. The simulation was conducted to predict the spatial pattern in future completely according to the MC 
model to reflect the characteristics of self-organizing and spontaneity embodied in urban land use change 
processes. Without any human intervention, this scenario can as well be used as a basic reference to the other 
two. 
Scenario 2 (Target-oriented): it is assumed Dalian new urban will be growing at an increase rate because of 
emphasis on the beneficial effects of port industry aggregation and regional clustering development. Scenario 2 
was mainly designed to highlight the results of port and port industry development produced on land use changes. 
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Scenario 3 (Ecology protection): it is assumed the future land use will strongly consider about ecology. In 
this scenario, significant ecological land, including natural reserves, reservoir, farmland and forest, was set 
cannot be changed to other land use categories, especially built-up land. The concept into scenario 3 is to give 
rational treatments upon regional port flourishing, urban development and ecology protection to achieve balances 
in land use planning. 
The variable system and their coefficients for these three scenario simulations were from the results of the 
LR model implementation. Using these parameters, suitability maps of the conversions between land use 
categories were obtained after the work of digitalization and normalization to the data involved. Then, the study 
carried out the three scenario-based simulations. In the simulation process, the land use condition of 2010 was set 
as starting point, the neighborhood range was defined as 5×5, and the iteration times were 10. Finally, a running 
result of three different future simulated land use maps for 2020 was received. 
 
 
Fig. 3.Simulated land use maps of 2020 through the CA model (a) Scenario 1; (b) Scenario 2; (c) Scenario 3 
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The result shows, in scenario1, while the city follows the present developing trends but puts on no regulatory 
measures in land use, the port industries might be unprecedentedly booming with more and more value creation, 
yet in the mean time the urban spatial structure will be prompted to change strongly. The built-up area will 
increase by 44.7%. The ecological lands will decrease by 14.6%, losing 245 Km2. It can be supposed from the 
simulated result that as the constant development of port and port industries, if lacks of land use policy, Dalian 
new urban in the future will easily cause an obvious loss in ecological lands, and the built-up lands will sprawl 
within the area. Such possible phenomenon is completely the opposite of intensive growth in land use, which 
might produce negative effects on regional sustainable spatial development in the port city. 
Table 4. Quantity of land use changes through the CA model for 2020 by category in Km2 
2020 Built-up lands Ecological lands  Water body  Unutilized lands  Other lands  
Scenario 1 386.82 1249.02 45.38 72.51 167.26 
Scenario 2 422.12 1228.35 37.21 87.38 148.79 
Scenario 3 319.32 1339.29 47.92 78.49 136.80 
 
In scenario 2, the port city will prioritize the development of port industry clusters with much higher level 
compared that in scenario 1. It is estimated to the year of 2020 the built-up lands will be 422.12 Km2 and the 
ecological land will reduce 17.8%. In spatial form, the increased built-up lands are mainly centralized around the 
port (port of Dayaowan), port industry clusters, and existing district centers (Jinzhou, Puwan, etc.), which 
apparently represents the spatial attraction effects. In the aspect of built-up area, the quantity in scenario 2 is 
highest. The quantity of ecological land damage is the highest among the three, either. Because the conversion 
advantage of the lands near by port industry clusters are quite higher, large amount of lands are more easily to be 
shifted to built-up area. Due to the restriction of available land, several ecological lands have to be reclaimed for 
construction. Hence, if land use planning continues to be blindly oriented by economic development and regional 
industry flourishing, the increase rate of built-up area and the damage degree of ecological land would be beyond 
the affordability for nature and ecology in Dalian new urban. Once the balance between human and nature 
collapses, no urban sustainable development can be achieved, let alone any industry. 
 In scenario 3, with the restriction of no conversion in key ecological land imposed, the built-up land is 
forecasted to increase 51.99 Km2, approximately 19%. The proportion of ecological land is improved by 7.21% 
and 9.03% compared to the aforementioned two scenarios respectively. It can prove the ecology-protective land 
use policy does have positive affects on spatial evolution. The process of urbanization is significantly 
decelerated. 
In order to analyze and compare the land use patterns of these three derived simulated results further, the 
software of FRAGSTATS 4.1 was applied to get spatial pattern metrics. FRAGSTATS is professional computer 
software developed to obtain various landscape metrics for categorical land use maps. According to the study 
requirements, four metrics in the landscape level were chosen and computed. The contrastive results are shown in 
Fig. 3. 
 The patch numbers (PN) of all three scenarios were estimated to increase remarkably. PN reflects spatial 
pattern and describes landscape heterogeneity. The value of PN is correlated to landscape fragmentation. 
Scenario 1 is the maximum, as many as 7922. In the other two, scenario 2 ranks the second with the quantity of 
7270, but in scenario 3 it is significantly less at 6824. From the line graph of scenario 3, it also can be seen that 
the PN growth is slowed. That fact might explain the landscape fragmentation is most likely to be intensified in 
future and the interventions caused by land use policies proposed could affect the spatial fragmentation.  
The spatial meaning of SHAPE is the compactness of patches. As shown in SHAPE results, the conditions in 
scenario 1 and 2 are worse than the actual results in both 2000 and 2010. Only in ecology-protection situation 
(scenario 3), SHAPE value is more than that two, reflecting a superior in spatial boundary development. 
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Fractal Dimension (FD) applies fractal theory to measure the landscape complexity. The value 1 means the 
simplest, such as square, circle while 2 is the most complicated shape. It is normally considered that FD has the 
largest figure while human impact produced on landscape is the lowest. Compared to scenario 1 and 2, FD of 
scenario 3 is the highest, illustrating the most complex structure but relatively less impacts of the ecology-
protection land use policy.  
 
 
 
Fig. 4.Landscape metric comparisons using historical data and simulated result  (a) Scenario 1; (b) Scenario 2; (c) Scenario 3 
 
represents equality degree 
of the spatial distribution with various land use categories. In three scenarios, the values of SHDI increase, 
because Dalian new urban is newly developed with extremely large amount of ecological lands existing at the 
beginning but as time goes on more and more built-up regions are constructed, therefore the dominant position of 
ecological lands is diminished, SHDI thus gets higher. It is also the answer to why SHDI in scenario 3 changes 
least due to the lowest ecological land loss. 
To sum up, with consideration of change quantities for each land use categories and landscape spatial metrics, 
it is supposed that scenario 3 is the most optimal.  Under the conditions of scenario 3, the loss in ecological lands 
is the least, along with higher level of boundary development in patches, and more compact and mature spatial 
structure but with lower degree of spatial fragmentation and weaker human intervention in land use evolution. 
Compared to scenario 3, the natural development situation (scenario 1) is much more random with large amount 
of patches, leading to serious spatial fragmentation. However, scenario 2 enlarges the spatial attractive effects of 
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port and port industry, more built-up areas are encouraged to develop near these hot-spot regions. As a result, the 
ecological lands damaged are estimated to be the most and the landscape pattern is worse than scenario 2 due to 
its high-speed land use conversion. 
4. Conclusions 
In this study, an integrated approach was proposed by combing LR model with MC and CA models to forecast 
the land use changes of the port city, Dalian new urban. The LR model was used to figure out the relationships 
between land use changes and the determinants in a quantitative way. The effective variables and their 
coefficients obtained from LR enable to deepen our understanding on the land use change mechanism in the port 
city. Nevertheless, traditional LR models in spatial studies might exist several limitations, such as merely focused 
on natural factors, as well as without giving any consideration on the spatial-interacted impact of key port 
industries. Accordingly, the integrated approach was built and implemented to make up the constraints mentioned 
before. Socio-economic determinants, which also drive urban spatial transition as natural determinants, were 
taken into account to reveal the features contained in the process of port city spatial changes.  
With the various determinants, the LR model was performed. After the LR model completion, effective 
independent variables were achieved and ineffective variables were simultaneously rejected. At this point, a set 
of appropriate and reasonable variables were chosen as significant factors for the following scenario simulations. 
By the use of MC model, Markov transition probability and area matrix were achieved. Both results from LR and 
MC models were applied as input into CA model for simulations. Based on different land use consideration, three 
scenarios were proposed and related conditions were imported into CA transition rules. Finally, the dynamic 
simulations were implemented. 
The scenario-based simulations obtained three different future land use maps for 2020. The simulated 
outcomes illustrate dissimilar urban spatial patterns with various change quantities in each land use category. By 
contrast, scenario 3, which is focused on ecology protection, was considered most reasonable and beneficial for 
future land use development. In this scenario, ecological land damage was least and landscape metrics were 
better in spatial meanings. In scenario 1, no human influence was put on land use changes, however, the spatial 
pattern lead to fragmentation, which is not rational in urban growth. In scenario 2, due to the encouragement of 
urban sprawl nearby the port and port industry clusters, large quantity of ecological land would be occupied and 
developed into built-up lands. It is supposed that under such land use policies, loss in ecology and worse 
conditions in landscape are price paid for port development in long-term. Nevertheless, there never exist a perfect 
scenario in reality and the actual conditions are must much more complicated than considered in the study 
because of countless complex factors combined. The research significance of this study is that it can provide a 
descriptive view of land use change consequences directly under different land use policies in port city. It is 
recommended that land use planning should pay more attention on ecology protection as the same time of 
supporting regional port industry development in Dalian new urban in future. Therefore, the case study verified 
the integrated approach could be applied as land use decision-making support. In addition, conclusions are of 
importance for transportation and urban planning to achieve sustainability.  
However, despite the designed integrated approach represent some strength in solving spatial simulations, yet 
the limitations exist. Although in step of LR model designing, socio-economic variables were imported to reflect 
the function of humanity in spatial changes, the preferences  governmental decision-
domain of geosimulation, studies have been 
conducted with the application of Mutli-agent system (MAS). MAS model is a system consisted of multiple 
agents, which are interacting and have intelligences within a complex environment. Due to the involvement of 
intelligent agents, this approach offers a method to solve problems, which are too difficult or even impossible to 
deal with in monolithic systems. Based on MAS, an improvement given to this integrated approach might 
produce different but accurate research outcomes. Therefore, MAS is recommended to future similar studies. 
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